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Abstract:  
Drought is a natural hazard that has significant impact on environmental, economic and socio economic aspects. The 
Indonesian Agroclimate and Hydrology Research Institute (IAHRI) is currently developing a vegetation drought 
monitoring system by using either the meteorological or satellite imagery as part of its effort to combat the effects of 
drought in Indonesia. The project methodology is depended on six main steps: (1) Development of meteorological 
database system, (2) Analysis of vegetation drought using Water and Agroclimate Research Management model 
(WARM ver. 1.0), (3) Determination the drought index based on meteorological data, (4) Building the ground station 
High Resolution Picture Transmission (HRPT) AVHRR receiver, (5) Application the remote sensing for vegetation 
drought monitoring, and (6) On-line spatial drought information delivery. The primary goal of this project is to 
develop an efficient system in Indonesia to analyze and deliver drought related information to the stakeholders and 
agricultural industries on the ground for drought preparedness and management.  
1. Introduction  
There are increasing pressures on water resources as a result of global population growth, economic development 
and the adverse effects of land use and climate change. Any deficit or limitation in water supply will be most critical 
in drought periods, and competing water needs maybe the cause of conflicts. Therefore, in order to design and 
manage water resources schemes, it is essential to monitor the spatial and temporal variability of droughts.  
The essential for quantification of drought impacts and monitoring is of critical importance in politically, 
economically, environmentally of Indonesia. Several users such as top level policy makers at the national level, the 
governments in province, researchers, farmers, trades and water managers and national/international relief agencies 
are interested in reliable and accurate drought information in order to mitigate impact on surface and groundwater 
resources.  
Traditional methods of drought monitoring rely on rainfall data, which are limited in the network of stations and 
incomplete climate data, often inaccurate caused human error or crash equipment and most importantly, difficult to 
obtain data in near real time either spatially or temporally. In this sense, remote sensing technology has greatly 
enhanced our ability to monitor and manage the natural resources, especially in the areas of water resources.  
2. What is drought? 
Tallaksen and Lanen (2004) noted that in general drought is a sustained and regionally extensive occurrence of 
below average natural water availability, and can thus be characterized as a deviation from normal conditions of 
variable such as precipitation, soil moisture, groundwater and streamflow. It is a reoccurring and worldwide 
phenomenon, with spatial and temporal characteristics that differ significantly from one region to another. Jeyaseelan 
(2003) and Tallaksen and Lanen (2004) illustrated in Figure 1 the different types of droughts, there are: 
meteorological droughts, agricultural droughts, and hydrological droughts. The impacts can be classified as 
economic, social, and environmental and it depends on the complex interaction between the physical environment 
and the socio-economic system.  
The primary cause of a drought is the lack of precipitation over a large area and for an extensive period of time, 
called a meteorological drought. The meteorological drought identification is usually carried out on the basis of 
historic data analysis of rainfall or combined rainfall and evaporation as recorded at meteorological stations. For 
example is the Standardized Precipitation Index, SPI (McKee et al. 1995, Agnew, C.T, 1999). The SPI is a statistical 
indicator evaluating the lack or surplus of precipitation during a given period of time as a function of the long-term 
“normal” precipitation to be expected during the period.  
The agricultural drought is occurred when soil moisture is insufficient to support crops which the water deficit 
propagates through the hydrological cycle and combined with the high evaporation rates. This drought could be 
monitored direct to the vegetation since the vegetation condition reflects the overall effect of rainfall, soil moisture, 
weather and agricultural practices. Therefore, satellite based monitoring of vegetation plays an important role in 
drought monitoring and early warning. Many studies have shown the relationships of vegetation index and 
agricultural drought. Thenkabail et al. (2004) developed methods that allow two generations of sensors (AVHRR and 
MODIS) to be combined beneficially for drought assessment and monitoring on a regional and a near-real-time. Park 
et al. (2004) determined the influences of hydrologic soil characteristics on early detection of drought with MODIS 
thermal emission data and response time of vegetation index to the thermal signals.  
Within the hydrological cycle, groundwater is normally the last to react to a drought situation, unless surface water is 
mainly fed by groundwater. In deep aquifers the slow reaction of groundwater implies that only major 
meteorological droughts will finally show up as groundwater droughts. The lag between a meteorolical and a 
groundwater drought may amount to months or even years, whereas the lag between a meteorological and 
streamflow drought varies from days in a flashy catchments to months in a groundwater-fed catchments. 
3. Recent Drought Event  
The area of Indonesia is 2 million sq. km (736,000 sq. mi.), 
included the maritime area 7,900,000 sq. km. It consists of 
more than 17,000 tropical islands in an archipelago across the 
Pacific Ocean, south of Malaysia and the Philippines and north 
of Australia. Only 1,000 of Indonesia's islands are permanently 
settled. It has the world's fourth biggest population, with more 
than 224 million (2004). Its climate is equatorial, but is cooler 
in the highlands.  The climate of Indonesia is generally 
characterized by two seasons: dry (April to September) and 
wet (October to March). Based on the number of dry and wet 
months, the country is divided into 14 agroclimatic zones, of 
which 11 are considered as sensitive to extreme climate 
variability since rain fluctuations can upset established 
cropping patterns.  
 Figure 1. Propagation of drought through the 
hydrological cycle (Source: Jeyaseelan, 2003)   
From 1877 to 1997, 93 percent of the drought years in Indonesia have been linked to El Niño events 
(http://www.isse.ucar.edu/un/indonesia.html). Several studies show a clear positive correlation between normalized 
Indonesian rainfall anomalies and the Southern Oscillation Index (SOI). While in El Niño years the onset of the 
monsoon is later than normal, during La Niña years the onset is earlier in most areas. Therefore, an El Niño event 
causes delayed planting and consequently a delayed and reduced harvest. A La Niña year offers the possibility of 
advancing the planting season with an early increased harvest, as well as the possibility of planting an additional crop. 
4. Development of Vegetation Drought Monitoring System in Indonesia 
Drought monitoring mechanism exists in most of the countries based on ground based information on drought related 
parameters such as rainfall, weather, crop condition and water availability, etc. Earth observations from satellite are 
highly complementary to those collected by in-situ systems. Satellites are often necessary for provision of synoptic, 
wide area coverage and frequent information required for spatial monitoring of drought conditions. The present state 
of remotely sensed data for drought monitoring and early warning is based on rainfall, surface wetness, temperature 
and vegetation monitoring. 
Since 2003, Indonesian Agroclimate and Hydrology Research Institute (IAHRI) has been developing the vegetation 
drought monitoring system which could be divided into six main steps: (a) Development of meteorological database 
system, (b) Analysis of vegetation drought using WARM ver 1.0, (c) Determination the drought index based on 
meteorological data: Standardized Precipitation Index, (d) Building the ground station High Resolution Picture 
Transmission (HRPT) AVHRR receiver, (e) Application the remote sensing for drought monitoring, and (f) On-line 
spatial drought information delivery.  
a. Development of meteorological database system in 2003 
In the process of implementing vegetation drought monitoring, the acquisition of state-of-the-art equipment for 
strengthening the national meteorological network of observing stations became necessary. Presently IAHRI has 
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 Figure 3. The roadmap of drought monitoring system development 2003-2009 
only 75 automatic weather stations (AWS), 4 automatic rainfall stations (ARS), and 26 automatic water level 
recorders (AWLR), therefore, collecting meteorological data from other institutions (approximately 5000 manual 
rainfall gauges but 1200 stations collected yet) became important in order to get climate information whole Indonesia 
(Figure 4). The meteorological data are air temperature minimum (°C), air temperature maximum (°C), mean air 
temperature (°C), minimum humidity (%), maximum humidity (%), mean humidity (%), rainfall (mm), wind speed 
(m/s), and global radiation (MJ/m2). 
 
 
 
 
 
 
Figure 4. The Indonesian meteorological database system  
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c. Determination the drought index based on meteorological data  
The SPI is used to study the relationships between drought duration, frequency, and time scale, as described by 
Agnew (1999). The SPI for each station was determined using this equation: ( ) iiik XXSPI σ/−= , where iσ is 
standardized deviation for the ith station,  is rainfall for the ith station and kth observation, and is mean 
rainfall for the ith station. All negative SPI values are taken to indicate the occurrence of drought, while all positive 
values show no drought. To determine drought intensity, SPI values of equal to or less than -0.50 were used. The 
frequency of occurrence of drought years within each decade was determined on a station-by station basis by simple 
statistical means, and the result was then summed over the 40-
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India. Table 1 showed the drought index for monitoring three types of drought using meteorological and satellite data.  
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Figure 6. (a) The monthly SPI and (b) The Spiline SPI for 630 stations of Center of Java Province 
d. Building the ground station High Resolution Picture Transmission (HRPT) receiver (2005/2006) 
In 2005/2006 IAHRI is conducting to build the HRPT ground station. The HRPT service installed on the NOAA 
satellites which is the main source of high quality data from polar orbiting meteorological satellites.  The data stream 
not only contains full resolution images in digital format from the Advanced Very High Resolution Radiometer 
(AVHRR) instrument but also the atmospheric information from the suite of sounding instruments. Through HRPT 
reception the user site can acquire data from three or more consecutive overpasses twice each day from each satellite, 
giving high resolution data coverage of a region extending to about 1500 km radius from the user station.  Compare 
to other satellites, the HRPT is more coarse spatial resolution, but very high temporal resolution that useful in 
drought monitoring activities. The imagery gives a snapshot of the meteorological conditions and can also be used 
for many land applications, while the sounding data gives detailed atmospheric data that may be processed and used 
in regional weather prediction models. 
e. Application the remote sensing for drought monitoring 
Kogan (2002) described the world drought condition using Vegetation Condition Index (VCI, Kogan, 2002). 
Marshall (2003) applied the Apparent Thermal Inertia (ATI) and vegetation indices to determine drought in Cordoba, 
Argentina. In other case, Bhuiyan (2004) applied various drought indices for monitoring the drought, i.e. 
Standardized Precipitation Index (SPI), Standardized Water–Level Index (SWI), Normalized Difference Vegetation 
Index (NDVI), Temperature Condition Index (TCI), and Vegetation Health Index (VHI) over Aravalli Terrain of 
  
 
 
 
 
 
 
 
 
Figure 7. The HRPT function diagram 
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Table 1. Various drought index for monitoring drought using meteorological data and satellite imagery 
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drought affected. In 19 , most of the pixels in the study area have red col , indicative of the negative deviation 
from NDVI mean. This result match well with the actual condition in Indonesia si e at the time a large part of the 
country suffered from severe drought, resulting in a huge shortfall in rice production that necessitated the import of 
over five million metric tons of rice to ensure food availability to the economically weaker sections of the society. In 
the forestry sector, the effects of large-scale forest fires during 1997-98 were unprecedented, damaging more than 9.7 
million ha of forest area. The smoke and trans boundary haze from these fires affected not only Indonesia but also 
other Southeast Asian countries, in particular Brunei Darussalam, Malaysia and Singapore. 
Figure 8 (right) shows the VCI that describes the moisture condition. The high value of VCI (green area) 
corresponded to unstressed vegetation or undrought condition and the VCI value close to zero percent reflects an 
extremely dry month. The duration of the successive months period below normal conditions a
deviation are two powerful indicators of drought severity. In this case, the VCI and DEVNDVI have similar pattern, 
therefore we expected they have strong correlation that could be used to monitor the drought.  
f. On-line spatial drought information delivery (2007) 
The last step of this project is delivering the drought information using internet technology to stakeholders or 
agricultural industries, since at present, there is no efficient system in Indonesia to analyze and deliver a near-real-
time drought-related information. An information system should also allow drought development in the region to be 
monitored at different scales, such as provinces level and smaller administrative subdivisions.  
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Indonesia drought severity index (left) and vegetation condition index (right) for August 
1996, 1997, 1998 based on NOAA image during 1982-1998. 
5. Conclusions: 
Droughts is one of the most devastating natural hazards in the world, and causing extensive damage to agriculture as 
well human and wild live and local economies. Therefore, IAHRI is currently developing a vegetation drought 
monitoring system by using either the meteorological or satellite imagery as part of its effort to combat the effects of 
drought in Indonesia. The ground meteorological data and remote sensing as well GIS technologies significantly 
contributes in the vegetation drought analysis. In this paper, brief review of the drought vegetation monitoring 
system development in Indonesia by IAHRI for drought preparedness and prevention.  
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